INTRODUCTION
With the increasing aerial freight volume, outsourcing cannot fully satisfy the requirement of the express company. In order to deliver the goods timely and take advantages of the economies of scale, more and more express companies begin to combine the self-owned planes and outsourcing. Thus, coordinating the self-owned planes with outsourcing to meet all service demands in a short time is a challenge.
The aerial freight scheduling is often turned into a problem associated with the Hub Location Problem (HLP) which was first put forward by Hakimi [1] . Later, Toh and Higgins [2] applied the hub location problem to the aerial transport industry in which the high no-load rate of trips was discussed and an alternative solution by introducing hubs and using smaller-capacitated planes was suggested in order to decrease the operation cost. The first mathematical formulation and solution method based on the HLP were given by O'Kelly [3, 4, 5] . Since O'Kelly's formulation is quadratic, Campbell [6] developed a linear mathematical formulation with p-hub median location problem (p-HMLP). Later, Ernst and Krishnamoorthy [7] proposed a 0-1 formulation to the p-HMLP. In the above work, each demand service with an original node and a destination node (called an O−D pair for short) is required to go through a path with exactly two hubs. Later, lots of work has been done based on the p-HMLP model. In this paper, the situation that the transportation volume of an O−D pair can be assigned to several paths has not been considered, and the capacity of hub nodes is pre-specified as given, which is different from the reality however.
This paper attempts to integrate the hub location and the scheduling of air cargo planes, and solve them in a single model. Sender and Clausen [8] is one of the few papers that constructed an MIP model to handle this integrated problem. The model, however, takes a long time to get the optimal solutions without an efficient algorithm. In this paper, a more efficient model, which requires less variables and constraints than Sender and Clausen, is provided. Moreover a competitive algorithm is also developed for large-scale instances. The remainder of this paper is organized as follows: two formulations are constructed in section 2; a hybrid algorithm for the formulation is given in section 3; numerical experiments are conducted in Section 4; and the conclusions are drawn in Section 5.
II. PROBLEM FORMULATION
This problem is to select a set of hubs from dispersed candidate nodes, assign O−D pairs to hubs in order to route the demand of each O−D pair through the network, and at the same time deploy or outsource the airplanes to engine the network, with the objective of minimizing the total cost including the hub setup cost and transportation cost. The constraints mainly include: the flow conservation constraint, the transportation capacity constraint, and the restriction on the number of self-owned planes. The related assumptions of this problem are presented as follows:
1) Only the nodes that provide transfer service can be seen as a hub;
2) Self-owned plane is required to go back to its original node at the end of the planning horizon, while the outsourcing planes do not have this kind of requirement;
3) The demand volume of each O−D pair can be assigned to multiple paths which connect O and D but via different hubs.
A. Model 1: The Model with Restriction on the Number of Visiting Hubs (RM)
In the following, we will present an MIP model in which the number of hubs for an O-D pair is restricted to no more than two for each path connecting O and D. The related notations are presented as follows:
Input parameters: 
The formulation is given as follows.
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In the formulation, the object function (1) is to minimize the total cost including the operation cost of employed hubs and the transportation cost of self-owned and outsourcing planes. Constraints (2)-(3) indicate that any transfer node within a path should be a hub, which corresponds to Assumption 1. Constraints (4) guarantee each O−D pair demand should be satisfied. Constraints (5) make sure that the total capacity of employed planes should not be violated. Constraints (6) mean that no outsourcing can be applied for the link without commercial direct flight. Constraints (7) correspond to Assumption 2. Constraints (8) restrict the number of self-owned planes that can be allocated. Constraints (9)-(12) confine some variables without physical meaning equal to zero. The constraints for defining variable range are omitted in this paper.
This model will encounter application difficulty when more number of transfer times is needed. Therefore, a more general model, which can accommodate more hubs for each O-D pair, will be proposed in the next section.
B. Model 2: The Model with the Number of Visiting Hubs
Controllable (EM) All notations presented in Section A will be used in this section except for OD ij X , which will be replaced by 
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In the formulation, the objective function (15) is the same as the objective function (1). Constraints (16)-(17) indicate that any transfer node within a path should be a hub, which corresponds to Assumption 1. Constrains (18) are the flow conservation constraint. Constraints (19)-(20) guarantee that the outflow volume from the source is equal to the inflow volume to the sink, both of which are equal to the demand volume of the corresponding O−D pair. Constraints (21) make sure that the total capacity of employed planes should not be violated. Constraints (22) mean that no outsourcing can be applied for the link without commercial direct flight. Constraints (23) correspond to Assumption 2. Constraints (24) restrict the number of self-owned planes that can be allocated. Constraints (25)- (26) show that if 0 OD ij W  , the inequality 1 OD OD ji SS  holds. Constraints (27)-(28) ensure that any path could not visit more than t hubs. Similar to the previous, constraints (29)-(31) confine some variables without physical meaning equal to zero. Similar to the previous, the constraints for defining variable range are omitted in this paper.
III. GREEDY DEMAND PAIR HYBRID ALGORITHM
Due to the NP-hardness of p-HMLP [9] , in the following, we will develop a hybrid algorithm called greedy demand pair hybrid algorithm (GDPHA), which includes two stages. The basic idea of this algorithm is to assign the self-owned planes in the first stage and then solve the modified model with fixed assignment of self-owned planes in the second stage by commercial solver package such as CPLEX. The specific procedure is presented as follows:
Step 1: Set a search parameter F and threshold valueV ; Step 2: Sequence the plane list in an increasing order of the plane's unit cost;
Step 3: For every g in interval Step 4.2: The plane is assigned to the link selected in Step 4.1 and both ends of the link are set as the hub automatically. In addition, the consolidated O-D pairs included in the link will be assigned to the link, in an increasing order of the flight time, until the capacity of the plane is completely depleted. Update the remaining demand for each involved O-D pair.
Step 5: Fix the plane assignment and the hub setting information and solve the modified model by CPLEX to generate a complete solution result.
IV. NUMERICAL EXPERIMENTS
In this section, two sets of experiments are conducted. The first one is to validate the advantage of the proposed models by comparing them with the Sender's formulation; another one is to test the performance of GDPHA. All experiments are coded by JAVA and run on a computer with a 16GB RAM and a 2.4 GHz CPU.
The coordinates of all cities will be generated randomly within a 200 by 200 grid. It is assumed that the longest flight time in this grid is 300 minutes. The flight time between two nodes is proportional to their distance. Plane information is directly obtained from the express company. Whether there exists an airline depends on the type of cities and the flight time between them. Demand of link depends on the type of cities in both ends. TABLE I shows the comparison results of three models. The variable number and constraint number increase as the city number increases, while the (RM) has the smallest number of variables and constraints among the three models although their optimal values are the same. It can also be seen that no more than two hubs are needed for each O-D pair. From the table, we also see that the runtimes of the Sender's formulation are much larger than those of RM. It seems that RM outperforms others in terms of efficiency. Although extendable model (EM) does not show any advantage from TABLE I, it may show its value when more than 2 hubs are needed for serving an O-D pair. It can be seen from TABLE II which shows the computational results of another chain instance that EM has a significant improvement on cost when parameter t is more than 2. 
A. Model Validation

